Introduction
Analysis of human cataractous lenses has shown that both opacification and decreased dry weight are associated with increased levels of lens calcium [ 11. Furthermore, human cataractous lenses with a high internal calcium content show evidence of rapid protein turnover in culture, while normal lenses and low-calcium cataracts do not [2] . Both opacification and protein loss can be inhibited in osmotically stressed bovine lenses in culture by preventing calcium entry [ 31.
The calcium-activated neutral protease, calpain (EC 3.4.22.17) which is very active against cytoskeletal proteins [4] , is present in the lens [5] . Calpain may therefore be implicated in the breakdown of the ordered structure of the lens during opaci fication.
Since specific and cell-penetrating inhibitors of calpain are not available for use in whole-lens incubation experiments, changes in the cytoskeletal proteins in cultured lenses with high levels of internal calcium have been compared with changes induced by incubating isolated proteins from the same source with exogenous calpain and calcium. atomic absorption spectrophotometry [ 31 and the cytoskeletal proteins were extracted from the remainder. Cytoskeletal proteins were also prepared from fresh lenses. Initial buffer extraction was performed in the presence of 1 mM-EGTA/l mM-EDTA, 10 pM-N-ethylmaleimide, 200 ,LAMphenylmethanesulphonic acid and 5 ,uM-E-64 to prevent proteolysis during preparation. The cytoskeletal proteins were extracted from the washed pellet with 8 M-urea. Such urea-soluble fractions from fresh lenses (1 mg) were incubated alone, with 1.2 mM-Ca2+, with 1 unit of calpain (80 kDa subunit, Sigma Chemical Co., Poole, Dorset), or with calpain and Ca2+. Aliquots were removed from the reaction mixture and further reaction was prevented by addition of PAGE sample buffer. Proteins from all experiments were separated by PAGE [7] and stained using colloidal Coomassie Blue G250 [8] . Gels were scanned by laser densitometer ( 1, -Pharmacia Ultroscan XL) and data handling was by GelScan XI, version 2.1 ( 1 2 3 Pharmacia, Milton Keynes, U.K.). Individual proteins were identified by immunoblotting after transfer [9] to Immobilon polyvinylidene fluoride (PVDF) membranes (Millipore).
Methods
Bovine lenses were dissected and cultured, as described previously [ 31, in EMEM without serum.
The calcium concentration of the medium was 1.9 mM. The calcium ionophore A23187 was added to the medium at 1 x 1 0 -h~ to induce an increase in lens calcium. Media were changed daily and assayed for protein content by an adaptation of the method of Bradford [6] . Part of the outer cortex of each lens was assayed for calcium content by Abbreviation used: EMEM, Earle's Minimal Essential Medium.
Results and discussion
Control lenses remained perfectly clear in culture [3] , while the outer cortex of lenses treated with the ionophore A23187 was fully opaque by the eighth day of culture. Protein loss to the medium during 24h preculture was 35.2f6.0 pg/ml of medium per lens ( n = 12). In control lenses ( n = 4) the rate of loss fell steadily as culture proceeded, and by day 6 was below the level of detection of the assay. Total Ca2+ in the outer cortex of these lenses was 0.33k0.02 mM after 8 days. The lenses cultured in A23 187 ( n = 8) showed a similar rate of protein loss Volume 19 per day until day 3, when there was a sudden increase to 126.3 f 11.5 pg/ml of medium. This level was maintained and on day 8 was 119.0 k 7.8 pg/ml of medium. At this time the CaZC in the outer cortex of the lens had increased to 2.21 f 0.09 mM. The protein profiles of the urea-soluble fraction revealed that all proteins above 30 kDa had undergone some degradation, and this was very marked in certain bands. Three bands of molecular mass > 205 kDa, and the lower-molecular-mass component of a doublet at 57 kDa were most strongly affected.
Three components of the profile were identified by immunoblotting. The 55 kDa protein from control lenses gave a positive reaction with an antibody to vimentin. Integration of peak areas from the gels showed that this band was reduced from The 250 kDa band, which was a poorly resolved doublet, was shown by immunoblotting to be spectrin, and the area of this peak was reduced from 0.191 f 0.004 in controls to 0.022 f 0.001 by incubation in A23187, 21.5% of controls. Two
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proteins of molecular mass >250 kDa were degraded completely.
Degradation of extracted cytoskeletal proteins in tissue extracts incubated with calpain and calcium followed the same pattern as that seen in whole lenses. Table 1 shows that all proteins were subject to some degradation, but vimentin, spectrin and the 280 and 317 kDa bands decreased most rapidly. Vimentin was reduced to only 7.4% of its control value in 0.5 min, and the remaining protein did not react with the antibody, nor were any reactive breakdown products detected.
The beaded filament protein was degraded more slowly, with 16% remaining after 5 min. A number of breakdown products were detected by the antibody, the major ones being at 67 and 64 kDa after 0.5 min, but at 52 kDa after 5 and 60 min.
The spectrin peak area was reduced to 3 1% of control values after 0.5 min of incubation and to 9% after 5 min. Immunoblotting revealed two reactive breakdown products at 160 and 155 kDa. Two other bands, 280 and 317 kDa were also subject to very rapid degradation. These experiments demonstrate that the degradation of isolated bovine-lens-cytoskeletal proteins by exogenous calpain and calcium, and the degradation seen in whole lenses with high calcium contents, follow essentially the same pattern. In both systems vimentin, spectrin and two very-highmolecular-mass proteins are the most susceptible to degradation, but most other components of the cytoskeletal fraction are degraded to some extent. A number of breakdown products are formed. Some of these are seen as transient peaks in the protein profile, but others accumulate.
It is known that shortened polypeptides accumulate in aged and cataractous lenses, and are involved in the aggregates that are associated with cortical opacification. These experiments provide further evidence that activation of calpain may be a factor in this process, and that changes in the cytoskeleton are involved as well as changes in the cry stallins.
Platelets are terminally differentiated, highly motile cells widely used for studying the mechanism of signal transduction and for the investigation of contractile events which occur after stimulation by agonists. Platelet activation results in shape change, extrusion of pseudopodia and aggregation mediated by integrin (GPIIb-Ma)-fibrinogen interaction. These processes are accompanied by a rapid reorganization of cytoskeletal proteins resulting in the formation of cytoskeleton of pseudopodium and of contractile gel necessary for platelet secretion [ 11.
Studies on the biochemical mechanism of these processes have revealed that protein phosphorylation catalysed by serine/threonine protein kinases plays a key role in platelet activation [2] . It has recently been reported that platelets also possess Abbreviations used: KGDS, Arg-Gly-Asp-Ser; I'MA, phorbol myristate acetate.
$Author to whom correspondence should be addressed.
high levels of tyrosine-specific protein kinase activity and rapid phosphorylation on tyrosine residues occurs during platelet activation [ 3-51. These observations suggest a role for tyrosine-specific kinases in the signal-transducing pathways of platelets.
Several tyrosine kinases have been identified in platelets [3, . The most abundant is pp60'"", a cellular counterpart of the transforming protein of Rous sarcoma virus [9] . Both viral and cellular tyrosine kinases can be myristylated and contain multiple domains which mediate distinctive attachment to subcellular membranes of nucleated cells [ 101.
Although the v-src and c-src encoded proteins are both structurally and functionally homologous [ 91, pp60'"" has lower specific activity than pp60""" and possesses no transforming potential [ 11, 121. Another difference is that pp60""" is tightly asso- 
